ABSTRACT Computed tomography and lung function tests were performed on 43 patients who had evidence on the chest radiograph suggesting bullous emphysema. After computed tomography scan two groups of patients could be identified. Twenty patients had generalised emphysema, which was locally worse in the area of the suspected bulla; and 23 had well defined bullae, which were potentially operable. Results of lung function tests did not distinguish between the two groups. The volume and ventilation of the true bullae were measured by computed tomography and this confirmed that most of them did not contribute to ventilation (residual volume (RV)/total capacity (TLC) bulla = 89% (SD 10%). The patients with true bullae were considered suitable for surgery but only 12 had an operation. All the patients who underwent surgery survived and had a symptomatic improvement, which was accompanied by objective increases in spirometric volumes and by reductions in static lung volumes; there were no improvements in carbon monoxide transfer or blood gas tensions. It is concluded that computed tomography used alone can identify bullae that are amen-able to surgery and can measure their volume and ventilation. The surgical removal of such clearly identified bullae is safe and associated with symptomatic and functional improvement even when the preoperative FEV1 is less than 1 litre. This improvement is likely to be a consequence of reduction in lung volume and may not necessarily be associated with relief of compressed peribullous lung or the removal of dead space.
Computed tomography and lung function tests were performed on 43 patients who had evidence on the chest radiograph suggesting bullous emphysema. After computed tomography scan two groups of patients could be identified. Twenty patients had generalised emphysema, which was locally worse in the area of the suspected bulla; and 23 had well defined bullae, which were potentially operable. Results of lung function tests did not distinguish between the two groups. The volume and ventilation of the true bullae were measured by computed tomography and this confirmed that most of them did not contribute to ventilation (residual volume (RV)/total capacity (TLC) bulla = 89% (SD 10%). The patients with true bullae were considered suitable for surgery but only 12 had an operation. All the patients who underwent surgery survived and had a symptomatic improvement, which was accompanied by objective increases in spirometric volumes and by reductions in static lung volumes; there were no improvements in carbon monoxide transfer or blood gas tensions. It is concluded that computed tomography used alone can identify bullae that are amen-able to surgery and can measure their volume and ventilation. The surgical removal of such clearly identified bullae is safe and associated with symptomatic and functional improvement even when the preoperative FEV1 is less than 1 litre. This improvement is likely to be a consequence of reduction in lung volume and may not necessarily be associated with relief of compressed peribullous lung or the removal of dead space.
When patients present with large bullae in association with chronic obstructive lung disease it may be difficult to decide whether to remove the bulla. It is important to assess these cases correctly because on occasion severely disabled patients will improve dramatically after operation. Recently, Pearson and Ogilvie have shown that this improvement can be maintained and also that surgery does not predispose to formation of further bullae.' Recommending surgery for a patient with a large symptomatic bulla and well preserved lung function is seldom difficult. Current investigations, however, are insufficiently sensitive to identify which patients with poor overall lung function will improve after surgery to remove a relatively small bulla.2 3 This is believed to be especially true if the FEVy is below I litre. Computed tomography is now acknowledged to be superior to conventional radiology in the identification of bullae and could be used to measure lung volume and ventilation in such cases.46 This paper reports the value of computed tomography used as the primary investigation to select patients with poor lung function for surgery and also relates the size of the bullae to the postoperative change in lung function.
Patients and methods
Over a period of three years 43 patients were referred for advice because their chest radiographs showed local areas of translucency, and the referring physician considered that surgical removal of an area of bullous lung disease might benefit the patient. The plain films were then reviewed by an experienced radiologist. A bulla was defined as an area of transradiancy not containing blood vessels, which may be confined by visible bulla walls. These walls could be either continuous curves in a solitary bulla or a mixture of arcs and linear densities in multiple bullae. After the suspicion of bullous disease had been confirmed on the plain radiographs every patient underwent computed tomography in inspiration and 856 expiration, and had full routine lung function tests. Most patients also had blood gas estimations. After computed tomography 23 patients with localised discrete bullae were distinguished from the remainder, who had disease that was considered to be inoperable. The patients with true bullae were recommended for surgery and had repeat lung function tests if they had an operation.
COMPUTED TOMOGRAPHY
Computed tomography was used to define the extent of the disease and also to examine the quality of nonbullous lung. All scans were performed in the same manner. In the early part of the study they were taken on a machine with a 5-3 second scan time and an image matrix of 256 x 256 pixels (Elscint 905 Two aspects of the interpretation of inspiratory and expiratory computed tomography scans may be worth noting. Firstly, on expiration the lungs shorten, move cranially, and are often scanned with fewer slices than in inspiration. Thus the inspiratory and expiratory scans cannot be matched exactly by slice or bed position alone. To make useful comparable observations some intrapulmonary or bronchial landmark (for example, the carina) must be used to match the slices as closely as possible. Secondly, bullae may change shape during respiration without altering volume, as illustrated in fig 1. The volume of the bulla in the figure did not alter but its shape changed considerably and assessment of the ventilation of the bulla based on the change of area in a single slice would be inaccurate. To discover whether or not bullae are ventilated therefore their total volume must be measured in inspiration and again in expiration.
In this study the volumes of the bullae were determined by outlining their boundaries in every scan of the inspiratory and expiratory sequence. The area of the bulla contained within each slice was calculated and the sum of the areas was multiplied by the common scan interval. With the early scanner areas were calculated by using the planimeter facility of the hosMorgan, Denison, Strickland pital computer on large size hard copy of the scans. The later scanner was able to calculate the area directly after outlining it with an arbitrary region of interest. We tested this method of volume reconstruction in phantoms of lung like foams over a volume range of 150-12500 ml and found that it was accurate to within 0 2 (SD 68) ml (n = 10). 7 The assessment of the degree of generalised emphysema was made empirically according to the degree and extent of the destruction of normal lung architecture. There is no generally accepted method of assessing the degree of pulmonary emphysema seen on computed tomography; although quantification of the frequency distribution of computed tomography densities appears promising8 this was not available to us. Our assessment included the degree and extent of generalised emphysema derived from the appearance of relative transradiancy at the usual window settings, attenuation of blood vessels, and destruction of the parenchymal pattern. These features were noted in the individual case figure 4 . In full inspiration the volumes of the bullae ranged from 158 to 3614 ml (mean 1454 ml). With few exceptions there was little change in volume at full expiration (mean 1333 ml). The RV/TLC ratios of most of the bullae therefore were high (89% (SD 10%)) and in all cases exceeded those of the surrounding lung. The vital capacity of the bulla was expressed as a proportion of the overall VC and in 22 patients this was less than 8%. In only one patient did the bulla make a notable contribution to the vital capacity (440 ml in 2 Conversion: SI to traditional units-sGaw: I s-' kPa-' = 10 s-'c1 H20-; blood gas tensions: I kPa = 7-5 mm Hg. 
1.
group Where there is a change in volume a proportion of the change may be explained by gas compression and expansion. Since the scans were taken in relaxed inspiration and expiration, however, this is unlikely to account for much of the difference. 
